Abstract In this work, we report on the use of fresh and boiled egg shell membrane as bio-templates in the coprecipitation of pirochromite. The structure evolution, microstructure and optical properties of the ESM templated MgCr 2 O 4 nanomaterial were studied by X-ray diffraction, Fourier transform infrared spectroscopy, scanning electron microscopy, Energy dispersive X-ray spectroscopy, elemental mapping and UV-Vis-NIR spectrophotometry. The annealing of the untemplated and templated co-precipitated MgCr 2 O 4 powders at 1000°C for 4 h produced single phased nanostructured material with spinel cubic crystal structure. The FTIR results showed slight variations in the band positions m 1 and m 2 which are attributed to the change in the microstructure due to the introduction of ESM in the preparation of MgCr 2 O 4 . The morphologies and average crystallite size of the annealed MgCr 2 O 4 nanocrystalline powders depended on the type of the template. 3D hierarchical flake-like and mesh like structures were observed. The annealed MgCr 2 O 4 nanocrystalline powders have shown excitonic absorptions in the visible range 300-500 nm due to the transitions that took place from the O-2p level to the Cr-3d level. The optical band gap energies were found to be 3.68-3.71 eV for the direct band gap and 3.30-3.37 eV for the indirect band gap. This could make these MgCr 2 O 4 nanocrystalline powders possible photocatalysts in the visible range 300-500 nm.
Introduction
Spinel structures with the general chemical formula AB 2 O 4 , where A, and B are two metal cations that occupy either the tetrahedral or the octahedral sites have made an impact on material science and technology. Depending on site occupancy, spinels are classified into three major types: normal, inverse, and random. Pirochromite MgCr 2 O 4 is classified as normal spinel with cubic crystal structure where Mg and Cr ions occupy the tetrahedral and octahedral sites; it belongs to the space group (Fd3m), with 56 atoms per unit cell (O'Neill and Dollase 1994) . MgCr 2 O 4 has attracted the attention of many researchers because it could be utilized in applications such as interconnection material for solid oxide fuel cells (Schoonman et al. 1991) , high temperature ceramics (Kim et al. 2001) , humidity sensor elements (Drazic and Trontelj 1989) , catalystssupport (Andrade et al. 2006) , strengthening agents (Hashimoto and Yamagushi 1995) and combustion catalysts (Finocchio et al. 1995) . In addition, MgCr 2 O 4 refractories are important to the steel, cement, and copper industries (Deng et al. 2008; Ghosh et al. 2007) . Recently, MgCr 2 O 4 is used as an efficient complete combustant in the oxidation of propane and propene (Finocchio et al. 1994) . The development of a synthesis route capable of producing MgCr 2 O 4 nanomaterials with controlled size and morphology is important due to their potential applications as smart and functional materials. Various methods, such as solid state reaction (Finocchio et al. 1995) , sol-gel method (SG) (Andrade et al. 2006) , co-precipitation (Zhang et al. 1987) , solution combustion (Arai et al. 1986 ), co-precipitation within reverse micro-emulsion (Rida et al. 2010) , combustion method (Hosterman et al. 2013 ) and conventional double sintering ceramic technique (Khalaf et al. 2016 ) have been applied in the preparation of pirochromite based nanoparticles. Nevertheless, some of these methods are generally complicated, non-reliable, timeconsuming, and expensive for large scale production. To overcome these limitations, a lot of efforts have been directed towards exploring facile, flexible, reliable and cost effective methods for the preparation of pirochromite based nanomaterials either by adding reducing agents or green synthesis. Among the possible alternative synthesis methods, co-precipitation synthesis is particularly attractive due to its low cost, it seems to produce a mixed oxide and it allows some degree of control on size, morphology, composition, homogeneity and surface area (Hashimoto and Yamagushi 1995) . The reducing agents play a fundamental role in the precipitation of the mixed oxide. Here, sodium hydroxide (NaOH) was used as a reducing agent because it reacts non-violently in addition to being cheap and good complexant for metal cations.
Recently, template assisted nanomaterials have attracted an increasing interest because of their specific size and morphology (Balaz 2014; Oliveira et al. 2013) . Compared with artificial templates, biological templates are inherently complex and hierarchical due to their fascinating structure which results in unique properties (Mann 2001) . Moreover, they are generally inexpensive, abundant, and environmentally benign (Mann 2000) . Biological template like eggshell membrane (ESM) has been used to synthesize the spinel nanomaterials with controlled size and hierarchically ordered microporous structures. It is widely studied because of its remarkable properties, which could be utilized in catalysis, adsorption of heavy metals [Au(I) and Au(III)] (Ishikawa et al. 2002) , dyes (malachite green) (Chen et al. 2012 ) and organics (eosin B) (Ning and Tao 2011) , biosensors (immobilized enzyme glucose oxidase) (Zheng et al. 2011) , sulfonates (Wang et al. 2010 ) and fluorides (Lunge et al. 2012 ). In addition, EMS has been also used in medical industries as a possible new effective and safe therapeutic option for the treatment of pain and inflexibility associated with joint and connective tissue (JCT) disorders (Ruff et al. 2009 ). ESM has found applications in ophthalmology as a cheap and versatile eye model which could be used during vitreous surgery training (Benson et al. 2012 ). Moreover; ESM was found to represent an interesting biomaterial for electrochemical application such as a separator in supercapacitors (Li et al. 2012) .
We report herein on a novel biotemplate method using ESM, environmentally friendly and natural biomembrane for preparing pirochromite MgCr 2 O 4 nanostructured materials. ESM is constituted of three layers in the egg shell (ES): (1) outer layer, (2) inner layer and (3) limiting membrane layer. The inner ESM and limiting membrane layer can be easily pealed; however, the outer ESM is strongly bonded into the calcite (CaCO 3 ) which is the major component in ES. To separate the outer ESM layer from the ES, a general acidic treatment has been used by various researchers such as (1) dissolving the ES in acid medium (e.g., dilute acetic acid, HCl), (2) immersing the ES in acid medium which does not completely dissolve the ES, but it will allow the separation of the ESM, (3) dissolved air flotation separation unit and (4) simply stripping the outer ESM from the ES. To the best of our knowledge, using ESM in the preparation of spinel type MgCr 2 O 4 by co-precipitation is not available yet. In this research article, we report a novel biomorphic technique to obtain self-supported MgCr 2 O 4 fibrous networks of nanocrystallites with high surface area using egg shell membrane (ESM) as templates. Co-precipitated templated MgCr 2 O 4 on boiled or fresh ESM were prepared. The structural, morphological and optical properties of the ESM templated MgCr 2 O 4 samples were characterized by X-ray diffractometry (XRD), Fourier transfer infrared spectroscopy (FTIR), Scanning electron microscopy (SEM), Energy dispersive X-ray spectrometry (EDS), and UV-Vis-NIR spectrophotometry.
Experimental Materials
Reagent grades of chemicals were used from all chemical sources; such as magnesium nitrate hexahydrate (MgN 2-O 6 Á6H 2 O, C98 % purity, Sigma-Aldrich), chromium (III) nitrate nonahydrate (CrN 3 O 9 Á9H 2 O, 99 % purity, SigmaAldrich). Sodium hydroxide pellets purify LR (NaOH, 97 % purity, SDFCL fine chem limited).
Characterizations
The X-ray diffraction patterns were recorded by SHI-MADZU Lab X-XRD-6100 with CuKa (k = 1.5418 Å ) line at scanning rate of 0.02°/min. FTIR measurements were performed in VARIAN 3100 FTIR, Excalibur series spectrophotometer. Small amounts of the powders were mixed with potassium bromide (KBr) and pressed into 1 mm thick discs. FTIR spectra were collected from these discs over the range 400-2300 cm -1 at room temperature. SEM studies were performed in JEOL JSM-6010LA operated at 20 keV accelerating voltage. SEM images were obtained in the secondary electron imaging (SEI) mode. Elemental composition and mapping were obtained from the analyses of EDS. The optical absorption spectra were measured by Jasco V-670 spectrophotometer over a UV-Vis-NIR region in the diffuse reflectance mode. Small amounts *1 mg of sample powders were completely dissolved into 5 ml of ethanol to form transparent solutions. UV-Vis-NIR spectra were collected from these solutions. The light sources used are a deuterium (D2) lamp for the UV region and a halogen (WI) lamp for the VIS/NIR region.
Co-precipitation of MgCr 2 O 4 nanocrystalline powders
Magnesium chromate nanocrystalline powders with the chemical formula of MgCr 2 O 4 were prepared by co-precipitation technique. The starting metal nitrates were weighted in accordance with the desired nominal stoichiometric ratio and dissolved into 20 ml of de-ionized water. To get complete mixing of the solvents, the solution was stirred for 30 minutes using magnetic stirrer. Then, few grams of sodium hydroxide (NaOH) were added dropwise into the metal nitrates solution. The aqueous solution was maintained at a pH level = 12 while stirring for 4 hours at a temperature of 60°C. Then the mixed solution was aged for 5 hours at room temperature. The aged solution was placed in the ultrasonic water bath (XUB5 series-Grant scientific instruments LTD, UK). Then, the solution was sonicated for 1.5 hours at a power of 5 W/cm 2 . The obtained precipitates were washed with de-ionized water and acetone several times, dried in vacuum at 100°C for 8 hours to remove the water content. The resulted dried powder was ground using an agate mortar and pestle to a fine powder. The obtained fine powder was subjected to heat treatment at 1000°C for 4 hours in ambient atmosphere. All experiments were carried out in ambient conditions under atmosphere. The schematic diagram represents the synthesized magnesium chromate nanocrystalline powders are shown in Fig. 1 .
Separation of fresh egg-shell membrane from eggshell
Fresh eggs were purchased from a local super market. They were gently washed with tap water to remove any albumen from the egg shell membrane, and then rinsed with deionized water. The eggs were carefully broken at the blunt end, yolk and white contents were manually removed. Then, the eggshells were repeatedly washed with de-ionized water. Using tweezers, the inner shell membrane and the limiting membrane were removed carefully and dipped in 10 ml hydrochloric acid to dissolve any CaCO 3 from the shell membrane. The obtained EMS was then washed in de-ionized water for three times and kept in an oven at 60°C to remove any water content. The resulting dried membranes were used as the template for the synthesis of magnesium chromate materials. Figure 1 shows an SEM image of an egg-shell membrane. It shows the unique intricate microstructures with porous morphologies. In a typical process, the egg-shell membranes were dispersed in 25 ml de-ionized water and subsequently mixed with 40 ml of co-precipitated precursor solution (''Coprecipitation of MgCr 2 O 4 nanocrystalline powders'') under vigorous magnetic stirring for 4 hours. To obtain a homogeneous solution, the mixed solution was then sonicated for 1.5 hours at room temperature. The resulted product was washed with de-ionized water and acetone six times. It was then dried in vacuum at 100°C for 8 hours to remove any water content. The resultant dried product was ground by hand with a pestle in an agate mortar to a fine powder. The obtained fine powder was subjected to heat treatment at 1000°C for 4 hours in ambient atmosphere, then it was allowed to cool down to room temperature. A schematic representation of the formation of MgCr 2 O 4 / egg-shell membrane composite is illustrated in Fig. 1 .
Results and discussion

Fresh ESM studies
The XRD pattern of a fresh ESM sample is shown in Fig. 2a . The figure clearly shows the amorphous structure of the fresh ESM with a broad peak around 20°-30°. The morphology of this ESM was examined by SEM as shown in Fig. 2b . The fresh ESM is a double layer membrane, the outer layer of the ESM which on the right side on the SEM image and the inner layer of ESM which is on the left side of the SEM image. These membrane layers appeared to be porous fiber like network, composed of interlaced proteins. In comparison to the outer layer, the inner layer has spatial voids and branches in the fibrous network as shown in Fig. 2d . It appears to be more uniform with finer structure. The individual fibers have an average diameter of *1 lm; however, they are randomly oriented.
The elemental analysis of fresh ESM was determined from EDS. Figure 2c shows the EDS spectra for the freshly prepared ESM. The analysis of these EDS spectra indicates that the presence of C, N, O, S and Cl. No other foreign elements such as Ca, Mg and P were detected in the fresh ESM. Usually these foreign elements/species are present in the calcium based egg shell. This confirms the complete removal of the egg shell membrane from the egg shell. Figure 3a -f shows the elemental mapping and distribution of C, N, O, S, and Cl within the fresh ESM sample. Different colors are subjected to the diverse emission lines where each color in the EDS mapping refers to the single emission line of C, N, O, S and Cl elements. It can be seen that the C, N, O, S, and Cl are generally well distributed and uniform. The analysis of EDS mapping indicates that these elements are incorporated within the entire fresh ESM.
Boiled ESM studies Figure 4a shows the SEM image of the boiled ESM. It shows that the spatial voids and branches in the fibrous Fig. 2 a XRD pattern of fresh ESM, b SEM images of fresh ESM sample: the inner layer is on left and the outer layer is on right, c EDS spectra for fresh ESM, d magnified image of the inner layer of ESM network had undergone shrinkage. Figure 4b shows that the fibrous network in the boiled ESM had become collapsed and coarsened into lumps that vary between 30 and 40 lm in size. Trace amount of non-volatile elements such as S and Cl were completely removed and only C, N, and O were detected in these lumps as shown in Fig. 4c .
X-ray diffraction (XRD) studies
The crystal structure of the prepared MgCr 2 O 4 nanocrystalline powders was examined by X-ray diffractometer. Figure 5a shows the powder X-ray diffraction (XRD) pattern of the co-precipitated MgCr 2 O 4 nanocrystalline powder annealed at 800°C for 4 hours. The figure shows all the diffraction peaks (111), (220), (311), (222), (400), (331), (422), (511), (440), (531), (620), (533), (622), (441), (551), (642), (731), (800), (751), (840), and (911) that correspond to the normal spinel-cubic structure of magnesium chromate. These peaks were well matched with JCPDS card no. 10-0351 for Fd-3m space symmetric group. No additional secondary diffraction peaks were detected in the XRD pattern, which indicates the formation of single phase MgCr 2 O 4 nanocrystalline powders. Figure 6a shows the XRD pattern of the as-synthesized boiled egg shell membrane templated MgCr 2 O 4 sample. It shows a very broad peak near 20°-40°, and the same thing is observed for fresh egg shell membrane templated MgCr 2 O 4 sample as shown in Fig. 7a with the exception to a very weak peak near 29.3°. This peak might be due to the presence of minute traces of CaCO 3 left over from the process of dissolving the egg shell. The co-precipitated boiled and fresh ESM templated MgCr 2 O 4 has shown an amorphous nature, to bring out the spinel phase of MgCr 2 O 4 further calcination is needed. Similar heat treatments had to be carried out in the preparation of MgCr 2 O 4 by sol-gel method (Tripathi and Nagarajan 2016) . 
Heat treatments
To investigate the effect of annealing on the crystal structure of the co-precipitated MgCr 2 O 4 nanocrystalline powders, samples of co-precipitated powders were annealed at 1000°C for 4 hours. Figure 5b shows the XRD patterns (top curve) for the 1000°C annealed MgCr 2 O 4 sample, all the diffraction peaks match those of the 800°C annealed sample. The peaks match very well to the crystal structure of MgCr 2 O 4 in accordance with JCPDS card no. 00-010-0351. In comparison to the 800°C annealed 
where k is a constant and it is equal to 0.9, k is the CuK a X-ray line at 1.5405 Å , b is the full width at half maximum after instrumental broadening correction, and h is the diffraction angle. The calculated values of average crystallite size (t) were found to be 30.8 and 63.2 nm for the 800 and 1000°C annealed samples, respectively, these values are listed in Table 1 . In comparison, these values are within range of the reported values of 28.7 nm for particles prepared by conventional solid phase reaction (Khalaf et al. 2016) , 30.2 nm by sol-gel method (He 2010) and 52.4 and 6.4 nm by sol-gel and co-precipitation with reverse microemulsion (Rida et al. 2010) . Figure 6band c is a presentation of the powder X-ray diffraction profiles for the annealed boiled ESM templated MgCr 2 O 4 nanocrystalline powders. The diffraction peaks of the 800°C annealed sample do not match well with the crystal structure of MgCr 2 O 4 (JCPDS card no. 00-010-0351). The additional peaks could be attributed to the presence of segregated secondary Cr 2 O 3 phase. However, the diffraction peaks of the 1000°C annealed sample match well with those of the normal spinel-cubic crystal structure of MgCr 2 O 4 (JCPDS 00-010-0351). Therefore, the possible existence of a secondary (Cr 2 O 3 ) phase in the 1000°C annealed sample is excluded. The average crystallite size (t) of the 1000°C annealed boiled ESM templated MgCr 2 O 4 nanocrystalline powder was estimated to 46.9 nm, this is 25 % less than the 1000°C annealed untemplated MgCr 2 O 4 nanocrystalline powder. The powder X-ray diffraction pattern of the 1000°C annealed fresh ESM templated MgCr 2 O 4 nanocrystalline powder is shown in Fig. 7b . The diffraction peaks in the pattern can be indexed with the normal spinel-cubic crystal structure of MgCr 2 O 4 (JCPDS no. 10-0351). The average crystallite size (t) in the 1000°C annealed fresh ESM templated MgCr 2 O 4 nanocrystalline powder was calculated to be 64.5 nm, this is approximately the same size as the one in the 1000°C annealed un-templated MgCr 2 O 4 nanocrystalline powder.
The lattice constant (a) of the 1000°C annealed untemplated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders were calculated using the following relation (Hamed et al. 2016 ).
where k is the X-ray wave length (1.5405 9 10 -10 m), (hkl) are the Miller indices and h is the diffraction angle that corresponds an (hkl) plane. (Haralkar et al. 2012) . The X-ray density (d X ) of the 1000°C annealed untemplated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders were determined from the following simple relation (Hamed et al. 2016) .
where M is the molecular weight of the sample, V is the unit cell volume (V = a 3 for cubic) and N A is the Avogadro's number (N A = 6.023 9 10 23 /mol). The calculated values of d X are 4.39, 4.42 and 4.43 g/cm 3 for the un-templated, boiled ESM templated and fresh ESM templated, respectively (Table 1) . These values are almost the same and are in good agreement with the reported value of 4.43 g/cm 3 for MgCr 2 O 4 prepared by co-crystallization method (Haralkar et al. 2012 ). The specific surface area (S) of the 1000°C annealed samples were calculated with the help of X-ray density (d X ) and average crystallite size (t) in accordance with the following expression (Hamed et al. 2016 )
The values of specific surface area of the 1000°C annealed un-templated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders were determined to be 21.59, 28.84 and 21.0 m 2 /g, respectively. The 1000°C annealed boiled ESM templated MgCr 2 O 4 nanocrystalline powder has a surface area that 33 % higher than the other two samples, this is due to its smaller average crystallite size.
Fourier transfer infrared spectroscopy (FTIR) studies
FTIR studies were conducted to shade some light on the position of the cations within the crystal structure of the 1000°C annealed un-templated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders. Figure 8 shows the recorded FTIR spectra at room temperature over the shorter wavelength range of 400-2300 cm -1 . The strongest observed absorption bands are within this range 400-700 cm -1 . These bands correspond to the intrinsic stretching vibrational bonds in the single-phase spinel structure with two sublattices: tetrahedral (A) sites and octahedral (B) sites (White and De Angelis 1967) . The position and intensity of these bands depend on the nature of cations distribution and their occupancy in the sub-lattices of the spinel structure. For pirochromite, the absorption band m 1 observed around *631 cm -1 is attributed to the stretching vibrational mode between metal ions and oxygen ions in the tetrahedral sites; whereas the absorption band m 2 observed around *440 cm -1 is attributed to the stretching vibrational mode between metal ions and oxygen ions in the octahedral site. 
Morphology and elemental analysis
Here we present morphological and elemental mapping and compositional studies conducted on different co-precipitated MgCr 2 O 4 samples. Figure 9a, c, d , e shows SEM images of the 1000°C annealed un-templated MgCr 2 O 4 sample. The images show the formation of nano-sized structures with irregular shapes. One can find that many nanorod-like shapes (Fig. 9c, d , e) are assembled to form isolated nanoflakes. These MgCr 2 O 4 nanoflakes have sharp tip (*10 nm), width (*190 nm) and lengths that range from 430 to 500 nm. The SEM image also show clusters of nanoparticles, aggregates and cube like shapes (highlighted by yellow color in Fig. 9a) . The 1000°C annealed untemplated MgCr 2 O 4 sample is a mix of different nanostructured shapes. The elemental composition was determined from the analyses of energy dispersive X-ray (EDS) spectroscopy. Figure 9b Fig. 9f, g, h. The results show that the constituent elements are uniformly distributed throughout the sample. Figure 10a shows an SEM image of the 1000°C annealed boiled ESM templated MgCr 2 O 4 sample. The sample essentially shows the same features as the untemplated sample where aggregates of MgCr 2 O 4 nanoparticles overlapped with flakes to form mesh like structures; however, the average crystallite size (t) is 25 % less as discussed earlier in ''Fresh ESM studies''. Figure 10b is an EDS spectrum of the present sample. The analysis of the spectrum revealed the desired nominal chemical composition while the elemental mapping in Fig. 10c, d , e, f indicated uniform distribution of the constituent elements within the 1000°C annealed boiled ESM templated MgCr 2 O 4 sample. The SEM images of the 1000°C annealed fresh ESM templated MgCr 2 O 4 sample are presented in Fig. 11a, c, d , e. The images show morphologies that are quite different than the previous two cases. 3D hierarchical flake-like structure is seen with less pores. The analyses of EDS spectra presented in Fig. 11b gave a composition that correspond to the stoichiometric ratios of MgCr 2 O 4 . The elemental mapping in Fig. 11f , g, h indicated a uniform distribution of the elements throughout the entire sample.
UV/Vis/NIR spectroscopy studies
The optical absorption of the 1000°C annealed un-templated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders was investigated by UV/Vis/NIR spectroscopy. Figure 12 shows the optical reflectance spectra of the three samples (un-templated, boiled ESM template, and fresh ESM templated). The spectra suggest an excitonic absorption behavior in the visible range 300-500 nm. The electronic transitions are from the valence band to the conduction band (O-2p level into the Cr-3d level). The optical absorbance coefficient (a) of the three samples were calculated from the following equation (Lajunen and Peramaki 2004) ,
where d is the path length (d = 1 cm) and T is the transmittance. The transmittance (T) was calculated from the measured absorbance (A) using the relation (Lajunen and Peramaki 2004) :
The insert to Fig. 12 shows plots of the absorption coefficient (a) as a function of wavelength for three samples. It can be seen that the absorption coefficients tend to increase from 300 nm and reaches a maximum at 374 nm and then decrease as the wavelength increases. This could be attributed to inelastic scattering of charge carriers by phonons, lattice deformations and internal electric fields within the crystals. Similar behavior was observed for many semiconducting materials (Willardson and Beer 1967) . The optical band gap energies of the 1000°C annealed un-templated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders were calculated from the wavelength value corresponding to the intersection point of the vertical and horizontal part of the spectrum, in accordance with following simple relation (Hamed et al. 2016 ),
where E g is the band gap energy (eV) and k is the wavelength in (nm). The calculated values of energy band gap from the above relation correspond to the absorption limit. These values are listed in Table 2 . In order to get more precise values of the optical band gaps, the values of E g were calculated with the help of the Tauc equation (Hamed et al. 2016) ,
where E p (E p = hm) is the incident photon energy, C is a constant that depends on the transition probability and m depends on the nature of the optical absorption transition (Hamed et al. 2016) . The value of m is 1/2 for direct allowed electronic transition (direct band gap) and 2 for indirect allowed electronic transition (indirect band gap) (Zaki and Sc 2010) . For this purpose, (ahm) 1/2 was plotted as a function of photon energy hm (eV) for the indirect gap and (ahm) 2 against photon energy hm (eV) for the direct gap. Figure 13 is presentation of these plots. The linear intercept at the hm on x-axis (shown in Fig. 13) gives the value of the optical bandgap. The estimated optical band gap energies are listed in Table 2 . The band gap energies for the three samples are very close, they range from 3.68 to 3.71 eV for the direct band gap and from 3.30 to 3.37 eV for the indirect band gap. These values are not too far from the reported value of 3.4 eV for normal spinel ZnCr 2 O 4 (Parhia and Manivannan 2008) . The 1000°C annealed un-templated, boiled ESM templated and fresh ESM templated MgCr 2 O 4 nanocrystalline powders are sensitive to visible light which could make them suitable photocatalysts (Borse et al. 2011; Parhia and Manivannan 2008) .
From the preceding sections, we can say that the use of ESM as a template in the co-precipitation of MgCr 2 O 4 has an effect on the morphologies and the crystallite grain sizes in the annealed templated MgCr 2 O 4 nanocrystalline powders. At 1000°C, the ESM is completely burnt out and none of it is 
Conclusion
Fresh and boiled eggshell membranes (ESM) were used as a biotemplates during the co-precipitation of pirochromite MgCr 2 O 4 . The un-templated and templated co-precipitated MgCr 2 O 4 powders were subjected to heat treatment at 1000°C for 4 h to produce single phase nanocrystalline MgCr 2 O 4 powders with spinel cubic crystal structure. The un-templated and templated nanocrystalline MgCr 2 O 4 powders were characterized by XRD, FTIR, SEM, EDS and UV/Vis/NIR spectroscopy. The morphologies and the crystallite grain sizes of the 1000°C annealed templated nanocrystalline MgCr 2 O 4 powders were found to depend on whether the ESM is boiled or fresh. The fresh ESM templated nanocrystalline MgCr 2 O 4 powders were found to form 3D hierarchical cascading flake-like structure, the boiled ESM templated nanocrystalline MgCr 2 O 4 formed mesh like structures whereas the un-templated nanocrystalline MgCr 2 O 4 powders were found to form nano-sized structures with irregular shapes. The un-templated and templated nanocrystalline MgCr 2 O 4 powders were found to be sensitive to visible light absorption over the range 300-500 nm. This could make them possible photocatalysts over this range. The optical band gap energies were found to vary from 3.68 to 3.71 eV for the direct band gap and from 3.30 to 3.37 eV for the indirect band gap. The concept of using ESM as a template should be extended to other metal oxides nanomaterial. 
